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ABSTRACT

The fulfilment of standard problems is one of the main links of a technological chain of
validation process of the system thermohydraulic codes. Validation of codes on the experimental
data, obtained during reflooding of the uncovered and overheated core is specially actual as flowing
past thus thermohydraulic processes not only determine the limit values of clad temperature of fuel
rods and duration of the most dangerous term of reactor cooling but also allow to reveal lacks of
mathematical models of physical processes involved and their algorithmic, numerical and
programming implementation in codes, which are not showing at simulation the another processes.

For verification the reflooding models domestic and foreign thermohydraulic codes on the
basis of experiments which were carried in IPPE the fulfilment of 1-st Standard problem of
reflooding for VVER named «The cooling of 7-rods model of VVER fuel assembly during bottom
reflooding» was organized. Experiments, in which one apart from other to simulate the nuclear
decay heat in core the smoothly decreasing of power of heater rods was modelled, were conducted
on full scale on a height model of fuel assembly with indirect heating rod simulators and stepwise
distribution of power along the length.

Availabiling of two unheated rods in the bundle is a feature of the selected experiment for
fulfilment of the Standard problem. Eight organizations from Minatom took part for carrying out
pre- and post tests calculations using different versions of codes RELAPS5, ATHLET, CATHARE,
COBRA-TF, KORSAR, CANAL-97.

The basic results of the fulfilment of the Standard problem are shown in this paper. The
comparison of predicted and experimental data and predicted among themselves, including the

usage of statistical methods, are presented.



BEPU®UKAILIVA TEILUIOTUAPABJIUYECKHAX KOJTOB HA CTAHIAPTHOM
3ATAYE ITIOBTOPHOI'O 3AJIMBA
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BBEJEHHUE

Leap padorbl — BepuduKaius MOJCHCH TOBTOPHOTO 3allMBa COBPEMEHHBIX
TEIUIOTUAPABINYECKUX KOJIOB € UCIIOJIb30BAHMEM TEXHOJOTHH BHITIOJHEHUS CTAaHAAPTHBIX 3a1a4.
Jlns mepBoOi CTaHJApTHOM 3aJaydl MMOBTOPHOTO 3ajMBa ObLI BHIOpaH BBINOJIHEHHBIN Ha
creuge CBJ/I-1 THI-P® ®DU skcnepuMEHT HO PACXONXHBAHUIO MOJHOMACIITaOHOW IO
BBICOTE, AJIEKTpooOorpeBaeMoit 7-ctepskneBoit moaenu TBC BBOP B ycnoBusix mOBTOPHOTO
3aJMBa CHU3Y.
OtnuMTebHAsi 0COOEHHOCTh JKCIepuMeHTa — Haiauuue B MmojensHo TBC nByx
HEOOOIPEeBAEMBIX CTEPKHEM.
B 1999 r. Obul BBINOJIHEH MEPBbI 3Tan pabOThl — pacyeThl «BCIEMYyIO» (MPETecT), B

2000 r. — moctrecToBbie pacueTsl. PacueTsl Benuch B 8§ opranuzanusix Munaroma PO:

Ne Opranuzanus Kon
n/m
1 | OKb «I'ugpompecc» KAHAJI-97
2 | OKBEM RELAP5/Mod3.2
3 | HUTH KOPCAP/B1
4 | HUKUDT RELAP5/Mod3.2; ATHLET1.1 cycle D
5 | UIlb WSS PHIL K1 RELAP5/Mod3.2.2
6 | 'HI[ P® HUNAP RELAP5/Mod3.1 u Mod3.2.2 (moctrect)
7 | T'HI PO-®2U COBRA-TF
8 | IIK® «PocaneproaToMmpoeKk» CATHARE

[Ipu mpoBeAeHUM TIOCTTECTOBBIX pACUETOB OblIa yYTeHA BBHISBICHHAs HA CTaJUU
MPEATECTOBBIX pacueToB 60-CeKyHIHas 3aJepKKa TMOCTYIUICHHS OXJIAKIAIUEH BOABI B
o0orpeBaeMyr0 4acTb MOJEIBbHON COOpPKM MO OTHOILIEHWIO K MOMEHTY Hauaja CHIDKEHUS
momuoctu TBC. Kpome TOoro, B pacuerHoe MOAETUPOBAaHUE OBLTA BHECEHBI KOPPEKTHBBI,
HarpaBJCHHbIE HA YCTPAaHEHHWE HEJIOCTATKOB, BBISBICHHBIX TPHU AaHAIN3€ pPe3yJbTaTOB

MPEITECTOBBIX PACUETOB, U YUET PaHee He YUTEHHBIX MPHU pacyeTax (HakTOpoB.



OIIMCAHMUE DKCIIEPUMEHTA

HupKyJISAHOHHBIA KOHTYP

JUis mpoBeleHUsT AKCIEPUMEHTAJIbHBIX MCCIEJOBAHUNA 110 TMOBTOPHOMY 3aJIUBY Ha
MOJIHOMACINTAOHBIX IO BBHICOTE MOJEISAX TOIUIMBHBIX cOOpok peakTopa BBOP mcnons3zoBanack
SKCIIEPUMEHTaIbHAas MEeTJIsA, BKIIOYaomas B ceOs 3JeMeHThl 000pyJ0BaHUS M KOHTypa CTEHJa

CB/I-1. [IpynnunuanpHas cxeMa NeTJIM ToKa3aHa Ha puc. 1.
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Puc. 1. Cxema nupKyJIsILUMOHHOM TIETIIH.



PabGounii yuacTok.

Pabounii yuactok (PY), KOHCTpYKITHS KOTOPOTO CXEMaTHYHO MTOKa3aHa Ha pPUC. 2, COCTOUT
U3 KOpPIIyca, BEPXHEN U HUKHEHN Kamep.

Kopryc M3rotoBieH u3 crajbHOW TpyOBbl BHYTPEHHUM AHAaMETpoM 38,5 MM M TOJIIMHOM
cTeHKU 3,25 MM M ocHaméH 16 TepMomapamMu, M3MEPSIOLIMMHU TEMIIEPATypy €ro HapyKHOU
MIOBEPXHOCTU HA YETBIPEX YPOBHAX IO 4YETBIpE TepMomapel B cedeHUH. s H3MepeHus
pacripesieieHus] CTaTUYECKOTro JaBJICHMS IO BBICOTE KOPIyC MMEET TpHU Iosica Y3JI0B 0TOOpa
JIaBIICHUs C YPaBHUTEIbHBIMM KOJIBLICBBIMM KaMepaMU. B HIKHEHM KOJIbLEBOM Kamepe,
pPACIIONIOKEHHOW Ha ypOBHE Hadaia 30HBI 00OrpeBa, clejaH JOMOJIHUTEIBHBIA OTBOJHOM
naTpyOOK JUIsl CIMBA TEINIOHOCUTEISL.

Bepxuss kamepa, npeHa3HaueHa Ui cenapauuu ¢a3 B AByX(pa3HOM MOTOKE, BHIXOASIIEM
U3 IIy4YKa CTEpKHEN.

OTtcenapupoBaHHasi Bjiara coOupaercs B KOJbIIEBOW KaHaBKE Ha JHE BEPXHEH KaMephl U
yepe3 HaKJIOHHOE OTBEPCTHE B JHE CTEKAET B COCY ]I sl cOopa YHECEHHOM Biaru.

Jlia usmepeHus TeMIepaTypsl M JABICHHS B BEPXHEW 4YacTH BEpPXHEH KaMepbl U B
BBIXOJTHOM HaTpyOKe MMEIOTCS IITYyIepa Ul BBO/Ia TEpMOIIap U IITyLep oTOOpa AaBIeHHUs.

Huxnss kamepa cHaOXeHa MITyLHepaMy MOJa4yy U CJIMBA BOJbI, 0TOOpa JaBJiIEHMSI, BBOJA
TEpMONap sl U3MEpPEHHs TeMIepaTypbl BOJAbl M BBIBOJA M3 IOJOCTH pabouyero ydacrka
TEPMOIIAp, U3MEPAIOIIUX TEMIIEPATYPY JUCTAHIUOHUPYIOUINX PEIIETOK.

Jlis yMeHbLIeHNs TEIUIOBBIX MOTeph (OCOOEHHO 3a CYET M3IYUYEHMs) KOPITyC M Kamephbl
U30JIMPOBAaHbI BBICOKOTEMIIEPATYPHOM TEIJIOM3O0JIALMEN, HA HAPYKHOM IOBEPXHOCTU KOTOPOMU
pa3melnieHs! 4 TepMonapsl (110 OJJHOM Ha Ka)kJJOM ypOBHE pa3MELICHHs TEpMOIap KOopIryca) JUis

OLICHKH MOTEPb SHEPTUH ITyYKOM CTEPIKHEH.

IIy4yok crepxHei

[Iy4ok crepxHEW COCTOMT M3 7 MMHUTAaTOPOB TB3J1 KOCBEHHOI'O HarpeBa C JJIMHOMN
oborpeBaemoii yactu 3530 MM ¢ 5-cTynmeHYaThiM NpodHUIEM SHEPTOBBIACICHUS IO BBICOTE
(k,=1,62).

Hmutatop TBAI UMeeT 000JI0UKY U3 HEP)KABEIOIICH CTaJId HApy>KHBIM THaMETPOM OKOJIO
9,1 MM U BHYTPEHHHUM - 7,9 MM, BHyTpU KOTOPOH pacroJiararoTcsi HUXpOMOBBI HarpeBaTellb U
IECTh XpoMelb-aimtoMenieBbiXx Tepmomap w3  kabems KTMC agumamerpom 1,0 mMm ¢
M30JIMPOBAHHBIM criaeM. B kauecTBe N30IMpYIOIIEH 3aChIIKN UCIIOIb3YETCSl OKMCh MarHusl.

CrepkHH B IydKe  JIUCTAaHIMOHUpOBaIMChL ¢ maroM 255 wmm  15-10

TUCTaHIMOHUpYIOmUMHU pemeTkamu (/IP), coOpaHHBIMH W3 3JEMEHTOB INTATHBIX PEIIETOK.
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Puc. 2. Cxema pabouero yyacrka.



OBECNEYEHUE U3MEPEHUMI

[letns u Mopjenb OCHAIEHbI JAaTYMKAMU JJII U3MEPEHUs CICAYIOIIMX MapaMeTpOB:
JABJICHMSI HA BXOJE W BBIXOJIE; pacxoja KUAKOCTH Ha BXOJE€ M Iapa Ha BBIXOJE; KOJIUYECTBA
YHECEHHOH BJIaru; TEMIIEpaTyp: MOTOKA TEIJIOHOCUTENS Ha BXOJE U BBIXOJIEC U B sUEHKaX MyUKa,
CTEHKM MMHTATOPOB, NUCTAHIIMOHUPYIOIIUX PEIIETOK, KOpImyca pabodero ydyacTka U M30JSIUY;
MOIITHOCTH, BBIZCNSIEMON B IYYKE CTEpXKHEW; MepernagoB JaBlIeHHUS Ha 00OrpeBacMON yacTu
my4yka © cocyae s cOopa yHeceHHOW Biaru. l3mepenuss HauOojiee OTBETCTBEHHBIX
napamMeTpoOB Iy OJIUPOBATHCE.

CyMmMmapHasi TOTpenIHOCTh M3MEpPEHUs NapamMeTpoB B SKCHEPUMEHTE COCTaBUIIA:
nasnenue - 0,5 %; pacxon - 2,0 %; nepenan gasienus - 1,0 %; momuocTs - 1,0 %; TeMnepatypa
- 1,0 %.

CIEHAPUM SKCIHEPUMEHTA

HcxoxHoe cocTosiHHEe — HIDKHSA Kamepa PY 3amoiiHeHa BOJIOHM, MyYOK CTEPIKHEH W
BEPXHSAA KaMepa — HACBIILEHHBIM MTapOM.
e Tlogbem MOIIHOCTH JI0 33/IaHHOTO YPOBHSI.
e [IporpeB cTepxHel 10 CTApTOBON TEMIIEPATYPHI.
e [Ipu nocTmKEeHUU CTApPTOBOM TEMIIEPATYpPbl HAUMHAETCS] CHUP)KEHUE MOILHOCTH 110
3a/laHHOMY 3aKOHY M BKJIIOYAETCS PacXo/l OXJIaKIaoLIeil BOJIBI.

e  OmnbIT NpeKpamaeTcs Npyu CHUKEHUH TEMIIEPATYPHI CTEPKHEN 10 TEMIIEPATYPbl KUIIEHUS.

CrapToBble 3HAYEHHUS OCHOBHBIX IAPAMETPOB:
e JaBlieHUE B BepxHel kamepe - 0,278 Mlla;
e TeMIlepaTypa OXJIaKJarolel Boasl Ha Bxoze - 90°C;
® CKOpOCTh 3ajiuBa - 2 CM/C;
® IUIOTHOCTH TEIUIOBOTO IMOTOKA B 30HE MAaKCHMyMa TEIUIOBBIICICHUS - 2,94 KBT/M;

e MakcHUMaJbHas TemrepaTypa obosouek umMuraTopos - 700°C.
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PE3YJIBTATBI DKCIIEPUMEHTA

Puc. 4. CxomMocTh MAaTEPUAIIGHOTO OaaHca
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PE3YJIbTATBI PACYETOB
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OcHOBHBIE PE3YJIbTAaThl PACYECTOB

Tmax °C Bpewms ee Tmax, °C Bpewms ee | [lonHOoe Bpems
«rOpsiueroy | AOCTHXKCHUS, | «XOJOHOTO»| JOCTHKCHHS,| PacXoJax.,
CTEPIKHSA CceK CTEPKHS CceK ceK
peTecT npeTect nperect IIPETECT IpeTecT
IIOCTTECT IOCTTECT | IIOCTTECT IIOCTTECT MOCTTECT
IJKCIEePpUMEHT 988 73 756 243 853
13 183 793
KAHAIJI-97 1040 58 680 113 783
(OKB I'TD) 1100 12 - - 813
KOPCAP/B1 1015 73 390 213 853
(HUTN) 927 13 680 83 900
RELAP5/Mod3.1 1062 73 709 116 768
RELAP5/Mod3.2.2 967 103 735 143 679
(HUHAP)
RELAP5/Mod3.2 907 103 570 148 830
(HUKUIT) 1035 6,5 661 81 729
RELAP5/Mod3.2 955 90 550 163 850-980
(OKBM) 980 80 740 100 855-860
RELAP5/Mod3.2.2 1100 73 895 248 1143
(PHLI K1) 1080 ~20 ~800 ~240 823
ATHLET 1.1 1020 13,5 640 138,5 660
(HUKUDT) 1030 13,5 700 158,5 780
CATHARE 1114 178 580 190 903
(IIKD PBA) 1257 187 - - 992
COBRA-TF 1180 118 676 193

(DIN)

~1000
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Puc. 14. IIpoasmxkenue ppoHTa CMaYMBAHUS IO HEOOOTPEBAEMBIM CTEPIKHSM, TOUKH — pacyeT
no kogy RELAP5/mod3.2.2 (HUMAP).
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BbIBO/IbI

Cragus pasorpeBa cOOpKM M HHTErpajbHble XapaKTEPUCTUKH Mpolecca (MakcHMajbHas
TEMIIEpaTypa CTEpPKHEH, MOJTHOE BpeMsl pacxoiakMBaHus cOOpPKH, BBIHOC BJard W mapa u3

TBC) MMPEACKA3bIBAOTCS OOJIBIIIMHCTBOM KOIOB BIIOJIHC YAOBJICTBOPHUTCIIBHO.

HauOonpiuye pa3nuuus pacyeTHBIX W HKCIEPUMEHTANbHBIX JAaHHBIX HAOMIONAIOTCS Ha
CTaguM pacxonaxuBanusi BepxHed uyactu TBC u cBsA3aHbl ¢ 00pa3oBaHHWEM BTOPHYHBIX
(pOHTOB CMayMBaHUS M3—3a CTEKaHUS IO CTEPXKHSAM BJAaru, OCaKJaroLIEics Ha BEpXHEU

OIIOPHOM IUINTE.

Ornuuuss B pacuerax, BBINOJIHEHHBIX 110 OJMHAKOBBIM BepcusiMm kojga RELAPS,
00yCIIOBIICHBI, B OCHOBHOM, OTIMYMSAMM B CXEMax HOJAIM3allUd M Yy4yeTa BIIUSHUS

Pa3INYHBIX (l)aKTOpOB, T.C., B KOHCYHOM CYCTC, KBaHHQ)HKaHHeIZ MOJb30BaTEeNCH.
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